A cDNA clone encoding a lipase that is upregulated in senescing leaves and flower petals has been isolated by screening an expression library. T h e abundance of the lipase mRNA increases as flowers and leaves begin to senesce, and expression of the gene is also induced by treatment with Key words Arabrdopsrs, ethylene. 'To whom correspondence should be addressed (e-mail jet(u)sciborg.uwaterfoo.ca).
ceptibility of parinaric acid to oxidation by atmospheric oxygen. This can be overcome by adding antioxidant agents to the buffers and by performing incubation steps under an argon or a nitrogen atmosphere. In addition, this method requires the presence of a selected detergent in order to solubilize the released parinaric acid into mixed micelles; and of course, this detergent must not inhibit the lipase activity [9] .
We have compared this parinaric acid-based fluorescent assay with a classical assay based on a radioactive T A G (triolein) and a fast commercial colorimetric assay based on the use of a resorufin ester as substrate (La Roche-Boehringer). T h e sensitivity, expressed as the minimal amount of pure human pancreatic lipase that can be detected under standard conditions (pH S), was found to be similar in the three assays (Table 1) .
We used a crude extract of germinated A. thaliana seeds expressing a very level of low lipase activity to further compare the three abovedescribed methods. T h e specific activity of the homogenate, as well as the remaining activity after heating the extract (5 min at 95 "C), were evaluated using the three methods (Table 1) . T h e plant lipase activity measured using the radioactivity and fluorescence assays can be abolished by heating the extract. However, with the resorufin assay, the change in optical absorbance detected at 550nm using the same crude extract was not abolished when the lipase sample was heated. This indicates that the apparent activity measured on resorufin ester is likely to be due to non-enzymic hydrolysis and/or hydrolysis by other thermostable carboxylesterases.
T o conclude, the parinaric acid-based assay exhibits a good sensitivity. In addition, it can be used to process numerous samples in a microtitreplate assay. Contrary to the resorufin ester, parinaric acid-containing TAGS are specific substrates for lipases. T h e parinaric acid-based method provides a sensitive, specific and continuous assay. It is therefore a particularly promising method for measuring low lipase activities in crude biological media such as seedling homogenates.
Introduction
Membrane deterioration leading to leakiness and loss of selective permeability is an early and ubiquitous feature of senescence whether it occurs naturally or whether it is induced prematurely in response to episodes of environmental stress [l]. It affects both the plasma membrane and intracellular membranes, and results in loss of ionic and metabolite gradients that are essential for normal cell function. For example, it has been demonstrated for carnation flowers that the plasma membrane as well as the membranes of the endoplasmic reticulum lose their selectively permeable nature just at the onset of petal senescence [2] . Thus, at a very early stage in the senescence cascade cell membranes become leaky, and this is known to initiate programmed cell death.
Results and discussion
There is growing evidence that leakiness of cellular membranes in senescing plant tissues reflects molecular perturbations in their lipid bilayers attributable to the action of a senescence-induced lipase. Rose petals, for example, sustain an increase in acyl hydrolase activity as senescence progresses, which is accompanied by loss of membrane function [3] . One manifestation of senescence-induced lipase activity is an increase in the titre of non-esterified fatty acids in membrane bilayers resulting in an increase in the nonesterified/esterified fatty acid ratio [ 11. Moreover, the onset of membrane leakiness appears to be attributable, at least in part, to lateral phase separations of non-esterified fatty acids within the plane of the membrane bilayer. T h e resulting
Figure I
Expression patterns of the turnover lipase and the senescence-induced lipase in leaves of Arabidopsis
Relative transcipt intensity was determined from Northern blots of total RNA isolated from leaves at various stages of development that were probed with full-length cDNA clones. Stages of leaf development are shown as weeks after planting (age). Bolting and ensuing leaf senescence commenced 4 weeks after planting. [l] . In addition, de-esterified polyunsaturated fatty acids in senescing membranes serve as substrates for lipoxygenase and ensuing lipid peroxidation, and the formation of peroxidized lipids in membranes also contributes to the onset of leakiness [1, 4] .
Senesaenoe Iipase
A cDNA clone encoding the senescenceinduced lipase has been isolated from senescing carnation petals by screening a cDNA expression library prepared from senescing petals [S] . T h e cDNA contains the lipase consensus sequence, ITFAGHSLGA, and encodes a 447-amino acid polypeptide with a calculated molecular mass of 50.2 kDa that appears to be a cytosolic protein.
Overexpression of the clone in Escherichia coli yielded a protein of the expected molecular mass that proved capable of de-esterifying fatty acids from phospholipid. T h e abundance of the lipase mRNA increases just as carnation flowers begin to senesce, and expression of the gene is also induced by treatment with ethylene [5] . T h e corresponding senescence-induced lipase gene has also been isolated from Arabidopsis by screening a senescing-leaf library. This gene also contains the lipase consensus sequence and encodes a protein with a molecular mass of w50 kDa. T h e gene is up-regulated just at the onset of leaf senescence in Arabidopsis, in keeping with its putative role in initiating membrane deterioration (Figure 1) . Also, as with the senescence lipase from carnation flowers, it is up-regulated when Arabidopsis leaves are treated with ethylene. Of particular interest is the finding that the senescence-induced Arabidopsis lipase has a different pattern of expression from a lipase gene that appears to be involved in membrane turnover. Specifically, the turnover lipase is strongly expressed throughout leaf development and shows decreased expression just as senescence begins, coincident with up-regulation of the senescence lipase (Figure 1) .
T h e expression of the senescence-induced lipase was reduced in transgenic Arabidopsis plants by expressing the full-length gene in its antisense orientation under the regulation of the constitutive 35 S promoter. T h e transgenic plants showed delayed leaf senescence and enhanced seed yield. These results indicate that this lipase plays a central role in mediating the onset of senescence, and support the contention that de-esterification of membrane lipids and ensuing loss of membrane structural integrity are seminal events in the senescence cascade.
Conclusions
De-esterification of membrane lipids and ensuing loss of membrane structural integrity are wellestablished early events of plant senescence, and the expression pattern of the senescence-induced lipase gene suggests that it may play a central role in mediating the onset of senescence. This contention is supported by experiments with transgenic Arabidopsis plants in which levels of the senescence-induced lipase protein have been reduced by expressing the lipase gene in its antisense orientation under the regulation of a constitutive promoter. T h e transgenic plants showed delayed leaf senescence and enhanced yield of seed.
